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In a  series of observations on the respiration of germinating seeds 
(Tang, 1930-1931;  1931-1932, a, b) use was made of the Warburg res- 
pirometer technic (Warburg,  1926).  While this technic has  enjoyed 
considerable popularity in other fields, its use in the investigation of the 
respiration of seeds has not been frequent.  The only attempts known 
to the writer are those made by certain German workers (Ullrich and 
Ruhland, 1928; Stiilfelt, cited by Pringsheim,  1931).  This paper de- 
scribes a modification of the Warburg vessel which is especially adapted 
to the study of the respiration of single seeds at rest or during geotropic 
excitation.  For a comprehensive treatment of the history and principle 
of the  technic,  Kreb's  article in Oppenheimer's handbook (1928)  and 
Warburg's monograph (1926) may be consulted.  An English transla- 
tion of the latter  is available  (cf.  also Burk and Milner,  1932).  For 
other types of vessels using this general principle, the accounts by Har- 
rington and Crocker (1923) and by Pringsheim (1931) may be useful. 
The vessel is cylindrical in shape, 5 cm. tall and 2 cm. in diameter. 
It is attached to the manometer from the side instead of at the top 
as is the usual case.  The reasons for this are:  (1)  the  seeds can  be 
suspended on a glass cross attached to the stopper capping the vessel, 
thus simplifying the problem of mounting; (2) it can be rotated, with 
the joint as an axis, to any desired angle in relation to gravity.  Oppo- 
site to the joint, the vessel has a side arm of about 2 cc. capacity with 
a ground-in stopper.  Into this side arm HC1, or any other liquid, may 
be placed, which can be tipped into the vessel proper if desired.  The 
alkali for CO~ absorption is placed in the bottom of the vessel proper, 
which has a  capacity of about 15 cc.  The vessel is open through the 
top and is closed with a  ground-in glass stopper.  In the central axis 
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of the stopper and on its lower surface, is attached a glass cross, suit- 
ably warped, to which a seed may be fastened with the aid of a sulfur- 
free rubber band (Fig. 1). 
The manometer is of the usual type (Oppenheimer,  1928, Fig. 299) 
with only one slight modification.  The arm of the manometer which 
joins the vessel has an additional 90  ° bend near the end, away from the 
manometer proper,  so that when the two are joined, the axis of the 
FIG. 1.  Side and top views of the vessel used for the study of metabolism of 
single seeds.  Details of the cross are also shown. 
vessel is parallel with the manometer, and is parallel to the gravita- 
tional force.  The hooks for the springs holding the vessel and the 
manometer  together  are  of  the  usual  type  on  the  vessel,  but  are 
attached on a ring on the arm of the manometer.  The presence of the 
ring enables the hooks to remain in line with those on the vessel when 
the latter is turned to any angle. 
For calibration of the vessels and the calculation of the vessel con- 
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cited above.  The operation  of the respirometer  is exactly the  same 
as with the ordinary type, with the exception that  it is not shaken. 
This is done for two reasons:  (1)  shaking  itself may cause geotropic 
or other kinds of stimulation, and (2) it is not necessary; the seed is sus- 
pended in moist air (as defined by the vapor pressures of KOH or other 
solutions  in  the  vessel  at  the  experimental  temperature),  and  the 
diffusion of gases to and from the seed is not hindered by the presence 
of a liquid medium as in the case of tissues suspended in solution. 
An  experiment  with  geotropic  excitation  is  cited  here  mainly  to 
illustrate the use of the apparatus.  In Fig. 2, B is the control which is 
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Fro. 2.  The course of oxygen consumption by seedlings of Luplnus olb~ before 
and during geotropic excitation.  Ordinate, relative rates of oxygen consumption 
expressed in  terms  of ~h Brodie solution/A  Time;  abscissa, time  in minutes. 
Seedlings A and C are geotropicaUy excited; B is the control.  Arrows  indicate 
beginning of excitation. 
not stimulated while .4 and C are turned to an angle of 90  °, thus placing 
the roots at right angles to gravity after the fifth reading (as indicated 
by the arrows).  The  rates of consumption of oxygen remained  un- 
changed after stimulation and during the course of reaction.  The ab- 
sence of any rise in rate of uptake of O~ need not be taken as in discord 
with  the  findings  of Navez  (1928-1929)  and  of Navez  and  Crozier 
(1929) who noticed a rise in the rate of COs production during the geo- 
tropic  response of  Vicia faba.  The  species, the  experimental  condi- 
tions, as well as the phase of respiration, are different in the two cases. 
It  is  also highly probable  that  the  seedlings employed here  are  too 
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root is so small compared to that of the cotyledons that even if there 
were any change, it would have been masked by the larger and con- 
stant  respiratory  rate  of  the  cotyledons,  which  in  extreme  cases 
amounted to 90 per cent of the total respiration. 
Details  regarding  the  use of the  apparatus  for  the  determination 
of the respiratory quotient will be found in another paper dealing with 
the respiratory quotient of the germinating seeds of Lupinus albus as a 
function of temperature (Tang, 1931-1932, b). 
With electrodes properly mounted through the stopper, the  course 
of respiration of the seed during electric stimulation may be followed. 
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